METHOD TO INCREASE THE AMOUNT OF 
CUSTOMER DATA ON A HARD DISK DRIVE 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[01] The present invention relates to hard disk drives (HDDs). More particularly, the present 
invention relates to a technique for increasing the format efficiency of an HDD. 

Description of the Related Art 

[02] Figure 1 shows an exemplary hard disk drive (HDD) 100 having a magnetic read/write head 
(or a recording slider) 101 that includes, for example, an offset head, that is positioned over a 
selected track on a magnetic disk 102 using a dual-stage servo system for writing data to 
and/or reading data from disk 102. Customer data and servo sample data are recorded in 
arrays of concentric data information tracks on the surface of disk 102. While HDD 100 
shows only a single magnetic disk 102, HDDs typically have a plurality of stacked, commonly 
rotated, rigid magnetic disks. 

[03] The dual-stage servo system of HDD 100 includes an actuator 105, typically a voice-coil 
motor (VCM), for coarse positioning a read/write head suspension 106 and a secondary 
actuator, such as a microactuator or micropositioner, for fine positioning read/write head 101 
over a selected track. As used herein, a microactuator (or a micropositioner) is a small 
actuator that is placed between a suspension and a slider and moves the slider relative to the 
suspension. 

[04] The ratio of the amount of storage space available on an HDD to the actual stored customer 
data is commonly referred to as the "format efficiency." Techniques that have been used for 
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increasing the format efficiency include decreasing the length of the servo samples, increasing 
the numbers of tracks-per-inch and the number of bits-per-inch and minimizing the write-to- 
read recovery times. Nevertheless, the format efficiency of HDDs has not declined 
significantly from generation to generation of HDDs and new techniques for increasing the 
format efficiency are being investigated. Techniques that increase the areal density, however, 
increase the numbers of servo samples, increase the amount of error correction codes, and 
increase coding flush. 

[05] As the numbers of tracks-per-inch increase beyond 1 00,000 tracks-per-inch and the read-to- 
write head spacing requirements increase, the hard disk areal space that has been previously 
ignored is now significant and worth exploiting. Improving the overall format efficiency of a 
300 GB hard disk drive by, for example, 1% would yield 3 GB of available space for 
customer data. 

[06] Consequently, what is needed is a technique that increases the overall format efficiency of a 
hard disk drive. 

BRIEF SUMMARY OF THE INVENTION 

[07] The present invention provides a technique that increases the overall format efficiency of a 
hard disk drive. 

[08] The advantages of the present invention are provided by a method for improving the format 
efficiency of a hard disk of a hard disk drive having a rotary actuator and a read/write head 
having a read element that is offset from a write element. According to the present invention, 
a radial position of the read/write head with respect to the hard disk is determined. Then, a 
data track is written having a length between successive servo sample areas that is based on 
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an arc of the rotary actuator, the radial position of the read/write head with respect to the 
hard disk and the offset between the read element and the write element. One exemplary 
embodiment of the present invention provides that the length of the data track is determined 
from a look-up table. Another exemplary embodiment of the present invention provides that 
the length of the data track is determined based on a determination of the arc of the rotary 
actuator, the determined position of the read/write head with respect to the hard disk, and the 
physical offset between the read element and write element. Yet another exemplary 
embodiment of the present invention provides that the length of the data track is based on an 
angular position of the rotary actuator. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[09] The present invention is illustrated by way of example and not by limitation in the 
accompanying figures in which like reference numerals indicate similar elements and in which: 

[10] Figure 1 shows an exemplary HDD having a rotary actuator; 

[11] Figure 2 depicts an exemplary arrangement of a rotary actuator of an HDD in relationship to a 
hard disk; 

[12] Figure 3 depicts an exemplary read/write head having a read element and a write element; 

[13] Figure 4 shows an enlarged view of a selected radially shaped servo sample area shown in 
Figure 2; 

[14] Figures 5 A and 5B respectively depict the physical arrangement of the angle of rotation of the 
rotary actuator and the physical separation of a read element and a write element of a 
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read/write head toward the center of a hard disk and toward the outer edge of the hard disk 
that give rise to shape of an unused area; 

[15] Figure 6 depicts a detailed physical arrangement of a rotary actuator of an HDD in 
relationship to a hard disk; 

[16] Figure 7 depicts the physical arrangement of the rotary actuator and the hard disk shown in 
Figure 6 with the rotary actuator removed; 

[17] Figure 8 depicts the physical arrangement used for determining the angle E of a read/write 
head with respect to a circumferential data track at a given radius A; 

[18] Figure 9 depicts that the spacing loss decreases at the outer and inner diameters of a hard 
disk; 

[19] Figure 10 shows a graph of the areal space loss in nanometers as a function of radius for a 
hard disk rotating at 10,000 rpm; 

[20] Figure 1 1 shows a graph of the percentage of format loss corresponding to the graph of 
Figure 10; and 

[21] Figure 12 depicts a portion of an unused area that can be utilized for customer data after the 
format efficiency of a hard disk drive has been improved based on a mathematical calculation 
of the spacing distance between the read sensor and the write element as a function of the 
radius of the hard disk drive according to the present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 



[22] The present invention provides a technique that increases the overall format efficiency of a 
hard disk drive. In that regard, the present invention utilizes a portion of the space that is not 
conventionally used on a hard disk, thereby improving the overall format efficiency of an 
HDD. Further, the present invention provides a technique for quantifying the format 
efficiency loss of a hard disk based on the angle of a rotary actuator or based on a track 
number. 

[23] The present invention is preferably implemented on a product-by-product basis because the 
mechanical parameters and the head dimensions must be established on an individual basis so 
that a mathematical profile based on the radius of the hard disk can be determined. The 
present invention provides two embodiments. A first embodiment utilizes a lookup table, 
which is relatively simple and easy to implement, but does not provide optimal performance. 
A second embodiment of the present invention uses a polynomial that calculates the correct 
areal space based on the track number and provides an overall improvement in format 
efficiency that is significantly more optimal than the first embodiment of the present invention. 

[24] Figure 2 depicts an exemplary arrangement of a rotary actuator 20 1 of an HDD in relationship 
to a hard disk 202. A rotary actuator is the type of actuator that is most commonly used in 
HDDs today. Rotary actuator 20 1 includes a drive end 203 that is integral with a VCM (not 
shown), a suspension 204 and an offset read/write head 205 that is located distal from drive 
end 203 . Hard disk 202 rotates counter-clockwise in Figure 2. Figure 3 depicts an exemplary 
read/write head 300 having a read element 301, such as a Giant Magnetoresistive (GMR) 
device, and a write element 302 having write poles 302a and 302b. A hard disk (not shown) 
moves past slider 300 in the direction of arrow 303. 
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[25] As rotary actuator 201 is driven by the VCM, rotary actuator 20 1 pivots around a pivot point 
206. As rotary actuator 201 pivots, read/write head 205 sweeps across the surface of hard 
disk 202 to selected positions that are between one extreme that is toward the center of hard 
disk 202 (depicted with the outline of rotary actuator 201 shown as solid) to another extreme 
toward the outer edge of hard disk 202 (depicted with the outline of rotary actuator 201 
shown as dotted). As rotary actuator 201 pivots, the motion of read/write head 205 is in an 
arc with respect to the surface of hard disk 201 that coincides with the radially shape area of 
servo samples 206 that have been written on the surface of hard disk 202. 

[26J A portion of the areal space on a hard disk that is available for customer data, that is, the areal 
space that is not used for servo samples, is not used on a conventional HDD because of the 
physical properties of the angle of rotation of the rotary actuator and the physical separation 
of the read sensor and the write element of the read/write head. Figure 4 shows an enlarged 
view of a selected radially shaped servo sample area 400 shown in Figure 2. More 
specifically, Figure 4 shows an area 401 that is conventionally unused and that precedes servo 
sample area 206 as hard disk 202 rotates. A portion 502 of unused area 401 that is closer to 
the center of hard disk 202 (Figure 2) is narrower than a portion 403 of unused area 401 that 
is closer to the outer edge of disk 202. 

[21] Figures 5 A and 5B respectively depict the physical arrangement of the angle of rotation of the 
rotary actuator and the physical separation of a read element 501 and a write element 502 of a 
read/write head 503 toward the center of a hard disk and toward the outer edge of the hard 
disk that give rise to shape of unused area 40 1 . The rotation of the hard disk is from right to 
left in both Figures 5 A and 5B. 
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[28] Servo samples 504 are separated by a sample-to-sample period 505. Read element 501 senses 
servo samples 504 in order to keep read/write head 503 positioned over a selected customer 
data track 506. Read element 501 must become active and read, or sense, every servo 
sample. Write element 502 must turn off before it reaches the beginning 507 of the servo 
sample. Unused area 401 is a small area that is between the end 508 of customer data track 
506 and the beginning 507 of servo sampled 504. 

[29] Unused space 401 has been conventionally assumed to be the same for all angles of the 
actuator stroke and so insignificant as not to be worried about. Nevertheless, portion 402 of 
unused area 401 (Figure 4), which is closer to the center of hard disk 202, is narrower than 
portion 403 of unused area 401, which is closer to the outer edge of disk 202. Figure 5B 
shows a portion 509 of unused area 401 that is utilized by the present invention that would 
otherwise be wasted because of the conventional assumption of the uniformity of unused 
space 401. 

[30] Figure 6 depicts a detailed physical arrangement of a rotary actuator 601 of an HDD in 
relationship to a hard disk 602. In Figure 6, rotary actuator 601 includes an actuator end 603 
that is integral with a VCM (not shown), an actuator arm 604 and an offset read/write head 
605 that is located distal from the actuator end 603. Hard disk 602 rotates counter-clockwise 
in Figure 6. As rotary actuator 601 is driven by the VCM, rotary actuator 601 pivots around 
a pivot point 606. Rotary actuator 601 is depicted in Figure 6 with read/write head 605 in a 
first position at a radius A from the center of hard disk 602 and with read/write head 605 in a 
second position at a radius A' from the center of hard disk 602. Distance B is the distance 
between pivot 606 and the center 607 of hard disk 602. Distance C is the distance between 
pivot 606 and read head sensor 605. 
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[31] Figure 7 depicts the physical arrangement of rotary actuator 601 and a hard disk 602, shown 
in Figure 6, with rotary actuator 601 removed. As rotary actuator 601 pivots around pivot 
606, radius A changes while distances B and C remain constant. The cosine of angle D is 
given by: 

[32] C ° SZ)= 2AC ' 0) 

[33] Figure 8 depicts the physical arrangement used for determining the angle E of a read/write 
head 801 with respect to a circumferential data track 803 at a given radius A. Read/write 
head 801 includes a read element 801 and a write element 802. Angle E is given by 

[34] E = 90°-D . (2) 

[35] The actual areal space loss depends on the mechanical design of the actuator, the dimensions 
of the disk and the stroke of the rotary angle. Figure 9 depicts that the spacing loss decreases 
at the outer and inner diameters of a hard disk. In Figure 9, a read/write head 900 having a 
read element 901 and a write element 902 is depicted near the inner diameter 910, at zero 
skew 920 (i.e., E = 0°) and near the outer diameter 930 of a hard disk with respect to a servo 
sample 903 and customer data 904. Near the inner diameter 910 and near outer diameter 
930, the respective separations 91 1 and 93 1 between the read element 901 and write element 
902 are reduced in comparison to separation 921 when read/write head 900 is at zero skew 
920. 

[36] Figure 10 shows a graph of the areal space loss in nanometers as a function of radius for a 
hard disk rotating at 10,000 rpm. The maximum areal space loss, which occurs near the 
middle radius, in this case 7.85 nm, has been conventionally used for as the space loss that 
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occurs at the outer and inner radius of a hard disk. Figure 1 1 shows a graph of the 
percentage of format loss corresponding to the graph of Figure 10. Figure 1 1 shows that a 
loss of 7.48 nanometers of distance along a track occurs at the inner radius of the hard disk. 
A loss of 7.65 nanometers of distance along a track occurs near the outer radius of the hard 
disk. Figure 12 depicts a portion 1204 of unused area 1201 that can be utilized for customer 
data after the format efficiency of a hard disk drive 1200 has been improved based on a 
mathematical calculation of the spacing distance between the read sensor and the write 
element as a function of the radius of hard disk drive 1200 according to the present invention. 
In Figure 12, hard disk drive 1200 includes a suspension 1205 of a rotary actuator, and an 
offset read/write head 1206. The increase in format efficiency is depicted as 509 in Figure 5B 
as a function of track length 506. 

[37] Thus, as much as 2.2% can be recovered across the stroke from inner diameter to outer 
diameter of a hard disk. At the zero angle between the data track and the read sensor, the 
present invention provides no gain of unused space. At the outer radius where the data rate is 
highest, however, the present invention provides a maximum gain of unused space. 

[38] Although the foregoing invention has been described in some detail for purposes of clarity of 
understanding, it will be apparent that certain changes and modifications may be practiced that 
are within the scope of the appended claims. Accordingly, the present embodiments are to be 
considered as illustrative and not restrictive, and the invention is not to be limited to the 
details given herein, but may be modified within the scope and equivalents of the appended 
claims. 
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